We have investigated the specific heat and resistivity of a single crystal of Pr 0.63 Ca 0.37 MnO 3 around the charge ordering (CO) transition temperature, T CO , in the presence of high magnetic fields (≤ 12T ) which can melt the charge ordered state. At low magnetic fields (≤ 10T ), the manganite transforms from a charge-disordered paramagnetic insulating (CDI) state to a charge-ordered insulating (COI) state as the temperature is lowered. The COI state becomes unstable beyond a threshold magnetic field and melts to a ferromagnetic metallic phase (FMM). This occurs for T < T CO . However, above a critical field µ 0 H * ρ , the sample shows the onset of a metallic phase for T > T CO and the COI transition occurs from a metallic phase. The onset temperature of the high-field metallic behavior decreases with an increase in the field and above a field µ 0 H * , the COI transition does not occur and the CO state ceases to occur at all T. The entropy change involved in the CO transition, ∆S CO ≈ 1.6J/molK at 0T, decreases with increasing field and eventually vanishes for a field µ 0 H * . The collapse of the CO state above µ 0 H * is thus associated with a collapse of the entropy that stabilizes the CO state. Beyond this field limit (H > H * ), there is only the metallic phase which is ferromagnetic at low temperature.
I. INTRODUCTION
Thermodynamic and transport properties of rare-earth manganites with the general formula R 1−x A x MnO 3 (R: a trivalent rare-earth ion and A: a divalent alkaline-earth ion) have attracted considerable current interest. 1, 2 For certain values of x, the Mn 3+ and Mn 4+ order in the lattice giving rise to what is called charge ordering. The CO insulating (COI) state can be destabilized by various perturbations such as temperature, magnetic field, electric field and radiation to a ferromagnetic metallic (FMM) or a charge disordered and paramagnetic insulating (CDI) state.
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Of interest to us is the observation that an applied magnetic field can destabilize the charge-ordered state leading to a ferromagnetic metallic state. This phenomenon has been studied in detail by using various techniques. [7] [8] [9] [10] It appears that there is a minimum threshold field µ 0 H th which is needed to melt the CO state to a FMM phase below T CO . µ 0 H th depends on a number of factors like the radius of the A site cation, < r A > (equivalently the bandwidth), and deviation from the x=0.5 composition which has equal amount of carriers and holes. µ 0 H th decreases as < r A > increases and we move away from the x=0.5 filling.
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From a comparison of various data available in different systems it appears that there is likelihood that beyond a certain field µ 0 H * (µ 0 H * > µ 0 H th ), the charge ordering transition may not occur. [7] [8] [9] [10] Our present investigation is to explore whether there exists an upper field µ 0 H * beyond which the CO transition cannot occur at any temperature. We then investigate the region close to µ 0 H * and beyond. The cartoon in figure 1 explains the issues that we are probing in this investigation. The cartoon is representative of the T-µ 0 H plane phase diagram seen in most manganites such as Pr 1−x Ca x MnO 3 , showing the onset of CO transition from a CDI (paramagnetic) state. The CO transition occurs at zero field at the temperature T CO , marked by point A. On the application of a magnetic field, T CO generally decreases and follows the line AB. Thus CDI → COI transition occurs when the line AB is crossed. However, for µ 0 H > µ 0 H th , the COI state melts to FMM state at T < T CO , as mentioned before. The melting of the COI state to the FMM state occurs along the line BC which also shows hysteresis and often strong time dependent behavior. 11 The low temperature COI → FMM transition occurs on crossing line BC. The region bounded by ABC is a region of " mixed phase" where two phases can co-exist. The transition across the line AB has a clear thermodynamic signature and is associated with a change in entropy. In the case of Pr 0.63 Ca 0.37 MnO 3 (T CO ≈ 235K), the entropy removed at T CO at zero magnetic field is ≈ 1.6J/molK as found from direct measurements of specific heat.
12 A good part of the entropy change is released as latent heat and the transition is believed to be first order. There is no large thermodynamic signature to the transition across the line CB when the COI melts in a magnetic field, although the existence of hysteresis (marked by hatches) as well as the suddenness of the transition is often interpreted as a first order transition. Whatever be the case, there is very little change in the specific heat as well as entropy across the line BC. The field µ 0 H * refers to the point B where the two lines meet at temperature T * . This is generally the currently accepted qualitative (µ 0 H − T ) phase diagram for Pr 0.63 Ca 0.37 MnO 3 and such manganites. The present investigation is primarily focused on the region around the point B (µ 0 H * , T * ). The primary motivation is to explore the following issues:
1. The (µ 0 H −T ) phase diagram as depicted in figure 1 is expected to have more features. This can be illustrated as follows. If we cool down following path 1, we start from a CDI phase at point P, cross the boundaries AB and BC and terminate in a FMM phase at point S. But if we follow the path 2 (PQRS), we can go from P (CDI phase) to S (FMM phase) without any phase transition or cross-over region. This implies that somewhere along path 2 there should be a boundary demarcating two phases or a cross-over. This should occur for µ 0 H > µ 0 H * .
2. Our previous studies of specific heat at µ 0 H = 0 and µ 0 H = 8T have shown that in the transition across the line AB, there is a finite entropy change (∆S CO = 0). 12 However, there is a negligible change is entropy as one crosses the line CB. One would therefore expect that the nature of the transition changes as one goes along the line AB. We explore the evolution of ∆S CO as we approach the point B.
3. At fields lower than µ 0 H * , the high temperature CDI phase makes a transition to the COI phase at T CO which eventually melts at an even lower temperature in a magnetic field, giving rise to the FMM phase. Is there a change associated with the CDI phase in a magnetic field so that it shows a phase transition or cross-over to a metallic phase at a high enough magnetic field?
We investigate the above issues in a single crystal of Pr 0.63 Ca 0.37 MnO 3 by using both thermodynamic (specific heat) and transport measurements in a magnetic field upto 12T. The results of the investigation (discussed in detail in subsequent sections) establish 1. As we move along the line AB, as T → T * and µ 0 H → µ 0 H * , ∆S CO → 0. Beyond this field, CO does not exist at any temperature. The T CO itself decreases as H increases.
2. At high temperatures (T > T CO (H)), the CDI phase crosses over to a metallic phase for a certain magnetic field. We designate this regime as a charge disordered metallic regime (CDM). In this field and temperature regime, the CO transition occurs from a metallic phase, instead of a insulating phase.
3. For fields µ 0 H > µ 0 H * (which is the limit of stability of CO transition) there appears to be the presence of a cross-over region (or phase transition) within the metallic phase as it is cooled.
To our knowledge, the studies reported by us are entirely new and they make the qualitative phase diagram in figure 1 richer and more complete.
II. EXPERIMENTAL TECHNIQUES
A. Sample
The sample we have chosen for the present investigation Pr 0.63 Ca 0.37 MnO 3 is a well characterized single crystal, with a well-defined CO transition at T CO ≈ 235K. The crystal has been grown by float-zone technique using a mirror furnace. This material has been extensively investigated by us. Previously reported 12 specific heat measurements on this sample from our group showed that the CO transition was most likely first order in nature and the entropy change involved in the transition had been calculated. The specific heat was measured using the technique of continuous cooling calorimetry.
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The temperature range in which the calorimeter operates is from 100K-400K (this is the temperature range in which the transitions occur). The calorimeter needed for the measurement of specific heat of manganites near the CO transitions should be capable of measuring specific heat in magnetic field at relatively high temperatures (> 300K). The size of the magnet bore and the homogeneity of magnetic field as well as the double vacuum space of the cryostat needed for going to high temperature reduces the space available for the sample and the calorimeter. The calorimeter used by us is very sensitive and can measure heat capacity of very small samples ( mass ∼ mg ). The addenda heat capacity is < 20 mJ/K at room temperature.
In this method, the sample temperature is recorded as a function of time as the sample (warmed upto a predetermined temperature by a heater) cools continuously, losing heat to the base through a heat link (figure 2) whose characteristics are experimentally determined. A platinum film on the substrate works as both a heater and thermometer. The specific heat and latent heat at a transition are deduced from the cooling curve and the thermal link characteristics. When a sample at temperature T is thermally linked to the base which is at a constant temperature, the heat balance equation may be written as
where
Where C(T) is the heat capacity of the sample and P leak (T) is the rate of heat loss from the sample and P in is the input power. dH tr /dt is that part of the enthalpy change (like latent heat) which is not determined by the heat capacity and is independent of dT/dt. When dT/dt as well as dH tr /dt = 0 (which happens away from the transition region), P in = P leak . By supplying known P in to the sample P leak (T) can be measured as a function of T. When the sample is taken to the highest temperature at which its specific heat needs to be determined and is allowed to cool, P in = 0 and equation 1 becomes
This enables us to find C(T) away from the transition region where dH tr /dt → 0. During a first order transition, where dH tr /dt is finite, a flat portion (for a time period t 1 to t 2 ) will be observed in the temperature vs time curve during cooling when the latent heat is released so that dT/dt ≈ 0. In this case P leak (T) ≈ -dH tr /dt. In this case when dT/dt ≈ 0 an integration of the heat loss curve for the time period from t 1 to t 2 gives the entropy change for the first order transition and the latent heat L = T∆S
In general, entropy is obtained by integrating C(T)/T over temperature (∆S = C(T )/T dT ). Near an ideal first order transition this becomes difficult as dT is zero and C is infinite at the transition. However, in this method since P leak (T) is measured easily the integration to obtain the latent heat is less ambiguous. However, uncertainties arise from a small but finite dT /dt and it is often difficult to identify correctly t 1 and t 2 .This limits the precision in obtaining the latent heat near the first order transition. The calorimeter (figure 3) consists of a patterned platinum (Pt) film on a substrate of dimensions 2mm × 5mm × 0.5mm. The Pt film is used both as a temperature sensor as well as heater. The substrate of the thermometer is the sample holder. The Pt film is calibrated with respect to a standard platinum thermometer.
The sample is mounted on the substrate with a small amount of silver paint. The temperature is obtained from the resistance of the Pt film which is measured in the fourprobe configuration using a programmable current source and a programmable DMM. The four leads for the temperature measurement themselves act as the thermal links and the heat leak is mostly due to conduction through the leads when the vacuum is better than 10 −5 mbar. The wires used as thermal link are stainless-steel wires of length ∼ 5cm and radius ∼ 40µm. This gives a thermal resistance of about 5 × 10 4 K/W which gives a cooling rate of 0.05K/s or smaller when the sample is at 200K.
The experimental set-up is shown in figure 3 . Here, P is the substrate on which the sample(S) is mounted. The leads(L) are wound on two glass posts(G) (1mm diameter and 2cm long) fixed to a copper base plate(CB) which is attached to the end of the stainless steel tube(D). The tube D carries the leads. The leads(L) are thermally anchored on the copper base plate from which copper wires are used as leads. The thermometer, sample, heat link assembly is enclosed in a copper can(CC) to provide a uniform temperature environment and is inserted into a vacuum tube for evacuation to vacuum ≃ 10 −6 mbar . The complete arrangement as shown in figure 3 can be put inside the bore of a superconducting magnet. The data upto 8T were taken in a standard liquid helium bath cooled solenoid. At higher field, we used a cryogen free magnet.
The specific heat measurement consists of the following procedure. The base plate CB is stabilized by a temperature controller to a steady temperature T 0 << lowest temperature to which data have to be obtained. P leak (T) is obtained by sending a constant current I through the Pt film and recording the steady state temperature for that given I. This is shown in inset of figure 4. At steady state P in = P leak and since P in (= I 2 R where R is the resistance of Pt film) is known, P leak is known at the steady state temperature. This procedure is repeated for higher and higher currents through the Pt film and P leak (=P in ) is calibrated as a function of temperature as shown in figure 4. FIG. 4. P leak calibration as a function of temperature. Inset shows the current through the platinum film and the steady state temperature reached at that value of current from which the P leak is calibrated.
After the highest desired temperature is reached, the sample is allowed to cool by bringing the current through the Pt film down to 1mA -the least possible value required for measuring the resistance with enough accuracy, and temperature is recorded continuously as a function of time. The measuring current of 1mA is much less than the current used in heating. The heating due to 1mA measuring current, although small is taken into consideration in actual calculation of heat capacity. In the region of interest (> 200K) the heating due to measuring current is ≤ 1% of P leak . dT/dt(T) is computed from the curve by taking local rolling point derivative. C(T) can now be calculated by just dividing |P leak | at a given temperature by the |dT/dt| at that temperature. For finding the heat capacity of sample, the addendum heat capacity is measured separately and subtracted from the total. In figure 5 we show the cooling curve and the typical |dT/dt| curve from which specific heat is obtained. The transition is clearly visible in the dT/dt curve (although nothing is seen in the cooling curve). The change in dT/dt in a magnetic field around the transition region and its shift to lower temperatures are also visible. Near the transition |dT/dt| ≈ 0.1-0.15K/s. Cooling curve (Inset) and the typical |dT/dt| curve from which specific heat is obtained. Note that the transition is clearly visible in the dT/dt curve (although nothing is seen in the cooling curve). The change in dT/dt in a magnetic field around the transition region and its shift to lower temperatures are also visible.
C. Measurement of resistivity in steady and pulsed magnetic fields
We measured the resistivity in a steady magnetic field using a standard four probe method. For making the contacts, four gold contact pads were evaporated on the sample and the contacts to the sample were subsequently made by soldering 40 µm copper wires using Ag-In solder. For comparison, we have also used a pulsed magnet to make the resistivity measurements. The pulsed field with µ 0 H peak = 14T has a fall time 20msec. The data acquisition was done with a 12 bit 20MHz card. In case of the superconducting magnet the data were taken by fixing the field and varying the temperature. In case of the pulsed magnet it was field scans at different temperatures. Since we are in a regime where there is no noticeable hysteresis effects both the methods should lead to the same result provided the field and temperature calibration has the same traceability. We find that the data taken by the steady field and the pulsed field are close within experimental uncertainty. In the results presented we do not distinguish the data taken by the two methods and present them together.
III. RESULTS
The results are presented in three sub-sections. In the first sub-section, we discuss the specific heat as a function of temperature at different magnetic fields. The second sub-section contains results of the entropy changes at the CO transition at different fields. Finally, we present the results obtained from resistance measurements at different fields and temperatures. Figure 6 shows the specific heat as function of temperature in the region of interest in the absence of an applied magnetic field. The sample shows a first order CO transition at T CO = 235K and a small step at ≈ 165K which is the Neel temperature T N ; δT is the full-widthat-half-maximum (FWHM). A waterfall plot of specific heat as a function of temperature at different magnetic fields is shown in figure 7 (The data are offset for clarity). In the specific heat data with increasing magnetic field, the T CO shifts to lower temperatures and the specific heat peak becomes sharper. A plot of T CO as a function of the field is shown in figure 8 . We see that a field of 10T shifts the T CO by as much as 20K. In figure 8 , we also show the variation of FWHM (δT ) which changes significantly with µ 0 H (δT (µ 0 H=0)/δT (µ 0 H=8T) > 4). It can be seen from figure 8 that both T CO and δT decrease with increasing µ 0 H but there are two regions. For µ 0 H < 6T, the change in both T CO and δT are gradual while for µ 0 H > 6T, it is rather rapid. Close to 10T we just see a sharp line and essentially no width as limited by the experimental set up. We show below that with increasing field, we ultimately reach a point where the entropy change at T CO vanishes. The large drop in δT beyond 6T is most likely related to this.
C. Entropy change at T CO
It has been established by calorimetric investigations that there is a change in entropy ∆S CO at the charge ordering transition. In zero field, ∆S CO ≈ 1.6J/molK. 12 While the earlier data were obtained by conventional adiabatic calorimetry wherein the data are taken while heating, the present data are taken by a different method wherein we measure the heat capacity during cooling. The two data match within the experimental uncertainties, including the region of the transition.
For calculating the entropy change during the CO transition, a background lattice contribution has to be first subtracted out from the specific heat data. We define C exc = C−C lattice . For estimation of C lattice we employ the procedure described in detail in reference [12] . The background contribution in the region T > 40K can be described by the Einstein model as described in reference [12] . The fit equation is:
where a 1 :a 2 :a 3 are the ratios in which the 3rN independent oscillators populate the three optical modes. The fits gave hν Ei /k B = 145K, 410K and 625K. A plot of C exc /T in the transition region is shown in figure 9 (a). To obtain the change in entropy ∆S CO at the transition we linearly extrapolate the values of S exc above and below the transition and find the difference in the extrapolated values at the transition. By this procedure we obtain a ∆S CO of ≈ 1.6J/molK at 0T. (Note that this procedure does introduce uncertainty in the absolute value of ∆S CO which we estimate ≃ 10%.) In figure 9(b) , we show the S exc as a function of T evaluated by the method stated above at two representative magnetic fields. A plot of the calculated ∆S CO as a function of field is shown in figure 10 . The decrease in ∆S CO is small upto a field of 6T. Above this, the fall is very rapid. From our calorimetry data, we could clearly identify the point B as T * ≈ 220K, µ 0 H * ≈ 10.5T. As pointed out earlier, no marked signature except a small feature is observable at low T as we cross the line CB. This becomes weaker as µ 0 H increases. Thus vanishing of ∆S CO as we move along the line AB is compatible with the fact that the two lines of transition meet at the point B where ∆S CO ≈ 0. We also note that there is very small change in C lattice in the magnetic field and the uncertainties in estimation of the background do not affect our main observation that ∆S CO → 0, as we approach the point B.
D. Resistivity and metal -insulator transition close to T CO at high fields
In this sub-section, we present the results of the resistivity (ρ) measurements recorded both with a steady magnetic field as well as with a pulsed magnetic field. The important observation that we make is that close to T CO (T > T CO ), the magnetic field induces a metallic behavior (dρ/dT > 0) for µ 0 H greater than a certain field µ 0 H * ρ ≈ 8.7T. For µ 0 H < µ 0 H * ρ < µ 0 H * , the CO transition occurs although it is from a metallic phase. This occurs over a narrow range of field and temperature. For µ 0 H > µ 0 H * ≈ 10.5T we find that there is a transition/cross-over to a metallic state and there is no signature of formation of an insulating state in resistivity. This is consistent with calorimetry data. In figure 11 we show the ρ vs µ 0 H plot at different temperatures close to T CO . One can clearly see a strong negative magnetoresistance at high fields. For T < 220K, the change in ρ in a magnetic field is rather sharp. In the region µ 0 H = 8 → 10T, ρ decreases rapidly with increasing field and becomes very small. For instance, at T ≈ 217K, ρ ≈ 0.8Ωcm at µ 0 H = 0 and remains more or less unchanged till µ 0 H ≈ 8T. However, it reduces by two orders to ρ ≈ 10mΩcm at µ 0 H = 10T. In this region T < T CO , and the drop in ρ is melting of CO state to FMM state. It can also be seen that for fields µ 0 H > 8.7T there is a temperature range where the resistivity is much like a metallic sample with dρ/dT > 0. This cross-over to a metallic behavior at high fields can be seen in figure 12 , where we plot ρ as a function of temperature at a few representative magnetic fields. The inset shows the data close to T CO at close field intervals. The data are shown closer to the transition region to highlight the subtle changes that occur. In this temperature regime, at low magnetic fields, ρ has a negative temperature coefficient of resistivity which is characteristic of an insulator. As the magnetic field is increased, for T > T CO there is a gradual change in slope of ρ vs T curve. Beyond a field of µ 0 H * ρ = 8.7T, ρ develops a positive temperature coefficient of resistivity for T > T CO and as it is cooled below T CO , the CO transition takes place and dρ/dT changes sign. Thus, for µ 0 H > µ 0 H * ρ there is a cross-over from an insulating state to a metallic state at T > T CO . In this field regime the COI transition takes place on cooling from a metallic state, unlike the CO transition at lower field where it takes place from an insulating phase. In figure 13 , we show ρ vs T as well as dρ/dT (inset) at 12 T over an extended range. At the lowest temperature ρ reaches a residual resistivity of ≤ 100µΩcm. This is very close to the resistivity observed in the metallic manganite single crystals at 4.2K.
14 At this field, the COI transition is suppressed at all temperatures. This result is consistent with the thermodynamic studies where we find ∆S CO → 0 as µ 0 H → µ 0 H * ≃ 10.5T. We can see that there is a marked decrease in ρ at T ≈ 216K. dρ/dT also shows a discontinuity. We may identify this discontinuity as a magnetic transition like a spin flip transition in a high magnetic field. (We have not carried out magnetization measurements upto 12T, but measurements upto 6T show that the low temperature state is a ferromagnetic state. 15 It will be interesting to see whether there is any magnetic transition at high field.) The observation of a field-induced metallic phase at higher temperatures (T > T CO ) is a new observation. Though the present observations have been made in the context of Pr 0.63 Ca 0.37 MnO 3 , it is reasonable to expect that it may be present in other manganites as well at high temperatures. This is because the field-induced transition occurs in the high temperature insulating phase which is likely to be qualitatively similar in this class of solids.
The change of the charge-disorderd CDI phase to the metallic phase on the application of magnetic fields is more like a cross-over than a phase transition as shown by a closer investigation of the ρ vs T curves in magnetic fields at high temperatures. In the temperature range where the cross-over occurs (see figure 11 and 12, particularly the curve at the highest temperature (≃ 228.8K)), ρ as a function of µ 0 H shows a gradual change beyond 7T in contrast to sharp change in ρ as a function of µ 0 H seen at lower temperatures which is due to melting of CO. In figure 14 we show the evolution of dρ/dT as a function of T and µ 0 H . This graph is shown to elucidate how the change in the transport properties occur at high fields in the region aroung T CO . We have taken dρ/dT as an indicator of this change. For µ 0 H ≤ 8.7T, dρ/dT is negative at all T. But for µ 0 H > 8.7T, a change in dρ/dT starts appearing for T > T CO . As the field is increased, since T CO is lowered, and ρ is also suppressed by the field, the region over which the insulating phase is observed gets limited. Eventually at µ 0 H ≥ 10.5T, the insulating phase ceases to exist and dρ/dT > 0 for all T. The change from the insulating phase to the metallic phase, being a cross-over, is not observable in the calorimetry experiments, unlike the charge ordering transition. (At higher fields µ 0 H > 7.5T, the specific heat shows a small (≃10%) increase at higher temperatures. Other than that no other signature is seen.)
To summarize, we find that the application of high magnetic fields causes significant changes in the material, particularly at T ≈ T CO . This is in addition to the field induced suppression of CO at lower temperatures. A combination of the transport and the calorimetric measurements show that the COI state which is the ground state in zero field is thermodynamically unstable for µ 0 H > µ 0 H * and ceases to exist. For µ 0 H > µ 0 H * , the insulating state is unstable at all T, neither the CDI nor the COI state is observable. The only phase that occurs is a metallic phase, which is a ferromagnet. The onset of the metallic phase starts at temperatures close to T CO but T > T CO which first shows metallic behavior at a somewhat lower field than µ 0 H * . There is a range of field 8.7T ≤ µ 0 H ≤ 10.5T where dρ/dT > 0 for T > T CO but there is a charge ordering temperature at which dρ/dT < 0. In figure 15 we present the results of our experimental investigations in the form of a phase diagram. In the same figure, we show the phase diagram constructed from data of previous experiments by solid lines. The present experiments identify the new phases or cross-over curves. There are a number of issues in the phase diagram that need attention.
As noted in our earlier publications, 12 as we cross the line BC (see figure 1) there is a small thermodynamic signature of the transition with a heat release of ≈ 10J/mol. This is much smaller than the ∆S CO observed at the CO transition as we cross the line AB. The vanishing of ∆S CO at the point B is thus internally consistent. The COI and FMM phases separated by the line BC are expected to be close energetically (similar heat capacity), and they also have similar entropy. The high-temperature charge disordered insulating phase has a higher entropy that gets released as ∆S CO as we cross AB. Vanishing of ∆S CO as the point B is approached implies that the three phases (CDI, FMM and COI) have the same entropy at point B. It appears that the first order transition across AB ceases at B.
For µ 0 H > µ 0 H * , it is not only the COI state that ceases to exist, but there is also no insulating phase. The COI phase, due to charge (and possibly orbital) ordering has a lower entropy in fields upto µ 0 H < µ 0 H * . The release of entropy at T CO stabilizes this phase. The magnetic field destabilizes this state making ∆S CO → 0 as µ 0 H → µ 0 H * . Even the high temperature CDI phase crosses over to a metallic phase. (see figures 12 and 13). In manganites with relatively broader bandwidths as in La 1−x Sr x MnO 3 (x ≃ 0.3-0.5), one finds such a PMM phase above T C at zero field.
2 In this case the metallic phase occurs at high field. For most manganites, with smaller bandwidths as in La 1−x Ca x MnO 3 and Pr 1−x Ca x MnO 3 , the high-temperature phase is an insulating phase. The occurrence of a field induced cross-over to a metallic phase (dρ/dT > 0) at high temperatures (T > T CO ) is therefore an interesting phenomenon. The insulating phase above T CO , like other colossal magnetoresistive (CMR) systems is attributed to Jahn-Teller (JT) distortion. In the undoped parent compound such as PrMnO 3 or LaMnO 3 , the high-temperature JT distortion can be co-operative in nature leading to orbital ordering. This leads to an insulating state in these samples. Hole-doping (by substitution of a bivalent cation in the rare-earth site) leads to a dilution of the co-operative JT and orbital ordering although the high-temperature insulating phase is retained. Past studies (using resonant X-ray scattering technique or neutron scattering technique 16 ) have shown some degree of orbital or charge order above T CO , albeit with a small correlation length. The suppression of the insulating phase at T > T CO would mean that a high enough magnetic field can suppress these local ordering leading to a metallic state with dρ/dT > 0. It will be good to investigate other manganites to explore whether a high enough field can suppress the high-temperature insulating phase leading to a cross-over to the metallic phase. An interesting possibility is that the magnetic field increases the width of the conduction band and thus brings about the cross-over to the metallic phase.
The line separating the CDI and metallic phase is more like a cross-over line than a true metal-insulator transition. As stated before, we do not find any thermodynamic signature of this cross-over. (This line is shown as a vertical dashed line at µ 0 H * ρ in figure 15 ). The cross-over which is identified as a change in dρ/dT , occurs when the magnetic field reduces the resistivity to about 20mΩcm (see inset of figure 12). Interestingly, this is the range of ρ where a metal-insulator transition occurs in many perovskite oxides. 17 It is possible to model the behavior as co-existance of two phases (both paramagnetic) one metallic and the other insulating. The application of a magnetic field increases the volume fraction of the metallic phase. The increase in volume fraction beyond a certain value leads to the cross-over to the metallic state.
In conclusion, using calorimetric and transport investigations, we have shown that beyond a certain magnetic field, the COI state becomes unstable at all T. Instead, the FMM phase forms. Even the high-temperature CDI phase at T > T CO crosses over to a metallic phase at high enough fields, which on cooling transforms to a FMM phase. The stability of the COI state is ensured by a finite ∆S CO . When ∆S CO → 0, on the application of a magnetic field the COI state becomes unstable.
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